A multi-floor manufacturing in residential districts of huge city promotes decongestion of urban traffic and satisfy the population's demand for essential goods. City manufacturing and its supply chain entail several challenges related to the sustainable development of a large agglomeration. Environmental problems impose significant constraints on such manufacturing activities and production waste in the urban environment poses a real problem that needs to be addressed by special research. This paper discusses integrated sustainable production waste management for a city multi-floor manufacturing cluster, consisting of a group of production buildings and a supporting logistics node. In line with the theory of integrated sustainable waste management, three key components are addressed: waste management stakeholders, components of the waste management system, and the technical, environmental and legal aspects of a city multi-floor manufacturing cluster. The goal of the paper is to develop a concept for a model of environmental sustainable waste management in a city multi-floor manufacturing cluster, aimed at ensuring the system safety: human -technical facility -environment. This model can serve as a basis for the development of appropriate logistics chains for production waste management considering their hazardousness indicator. The versatility of the model will allow it to be widely used, and when its stages and working principles are embedded in the practice of city multi-floor manufacturing, proper control over the waste management process can be achieved. The application of the proposed model of integrated sustainable production waste management in the practice of the city multi-floor manufacturing clusters will contribute to the environmental sustainability of its operation.
INTRODUCTION
The development of huge cities is associated with a clear division into residential and industrial zones. The creation of such zones in the urban area is related with an attempt to resolve local environmental problems of industrial production and the supply chain activity (Fujita and Thisse, 2002) . This approach is justified from the point of view of environmental safety of the population. However, the development of modern digital technologies in the framework of cleaner production and circular economy using closed-loop supply chains and reverse logistics has led to significant changes in the concept of industrial production (Murray et al., 2017) . On the one hand, environmental safety, resource efficiency, flexibility and personalization are the basis of the concept of environmentally sustainable development of industrial production of huge cities and agglomerations within the paradigm-Industry 4.0 (Liao et al., 2017; Sarkis and Zhu, 2018) . On the other hand, there are alternative models of production, located directly in the residential areas of huge cities directly on the consumer's site, which helps to reduce production costs and urban traffic (Dzhuguryan and Jóźwiak, 2016; Khorram Niaki and Nonino, 2017) . High consumer demand of the population for essential goods, environmental and transport problems of huge cities have led to the formation of a new production paradigm -city multi-floor manufacturing 4.0. This was made possible by the emergence of new information, production, construction and management technologies, miniaturization of goods and waste reduction, the use of modular lightweight technological equipment with the ability to assemble it at the customer, and changes in the quality of labor resources. (Dzhuguryan, 2012; Westkämper, 2014; Sarkis and Zhu, 2018) . The city multi-floor manufacturing clusters (CMFMC) is a group of multi-story production and non-production buildings and a supporting multi-floor logistics node, through which the main supply chain for the cluster activities is realized. The close location of the city logistic nodes of adjacent CMFMCs contributes to their integration into the city logistics cluster and multi-floor manufacturing mega-cluster . The environmentally sustainable development of urban production should ensure the integrity of biological and physical natural systems due to their ability to self-healing and adaptation to changes. The assessment of the environmental sustainability of production systems is based on well-known principles and procedures that contribute to the adoption of effective technical, economic and social decisions. (Azapagic and Perdan, 2000; Sikdar, 2003; Sala et al., 2015; Kluczek, 2016) . Such assessments are related to the analysis of energy sources, materials and raw materials used, technological equipment and manufacturing processes, products and waste, transport system, etc. For the CMFMC, such assessments have their own specifics, for example, in technology assessment (TA) and assessment of some elements of the transport system (Dzhuguryan and Jóźwiak, 2017, 2018) . This paper focuses on Environmental Sustainable Waste Management (ESWM) in the framework of the CMFMC. In the urban framework, such waste may be classified as municipal waste, which includes waste from household, trade and manufacturing enterprises, various institutions and organizations. In general, mixed municipal waste by origin and composition is like domestic waste. Municipal solid waste is to be sorted according to the established norms in the form of individual collection and municipal collection (Zhao et al., 2009; Pires et al., 2011; Elsaid et al., 2015) . The ESWM is guided by various Life Cycle Assessment (LCA) models based on ISO 14000 standards (Kulczycka et al., 2015) and other management models, among which we will highlight the Integrated Sustainable Waste Management (ISWM) model (Anschutz et al., 2004; Rigamonti et al., 2016) , in our opinion, as one of the most effective models for the CMFMC. The goal of the paper is to develop the concept of the model the ESWM for the CMFMC, aimed at ensuring its effective functioning and system security: humantechnical object -environment.
METHODOLOGY OF RESEACH
The methodological basis for the development of the ISWM for a CMFMC is the ISWM theory, which recognizes three key components are addressed: (1) waste management stakeholders, (2) components of the waste management system, and (3) the technical, environmental, legal and other aspects (Anschutz et al., 2004) . The main role of stakeholders is related to the organization of execution of the basic requirements of the legislation in terms of safe waste management. It is necessary to highlight the CMFMC stakeholder's role, which attract experts to assess the products and goods, analysis of project documentation, technologies for their manufacturing in terms of minimizing municipal waste, identification of activities in the field of waste management, providing of the ESWM for the CMFMC. At the stage of such assessments the methods of the TA, LCA and other are used (Sala et al., 2015; Kluczek, 2016) . The boundary values of these estimates determine aspects of the third key component of the ISWM theory. The CMFMC stakeholders also form a waste management strategy considering their environment and health hazard rating. The paper deals with the issues of decision-making by CMFMC stakeholders related to the placement of production facilities in the buildings of the cluster considering the nature, type of fractions, the intensity of generation of municipal waste and their environment and health hazard rating. Calculation of the municipal waste generation in the CMFMC is made based on the method of calculation the actual waste generation. The second key component of ISWM is to consider the individual stages of waste treatment technology: (1) generation and separation (with disposal), (2) collection (packaging, certification and/or labelling), (3) transfer and transport, (4) treatment & disposal (Anschutz et al., 2004) . The first three stages of the waste treatment technology are carried out directly within the framework of the CMFMC and therefore are of the greatest interest for the study. These technological stages are considered in the framework of legislative norms that define the requirements for containers, their coloring, considering the nature and the waste fractions. At the same time, the principle of separate formation of logistics supply chains of municipal and individual waste collections was used (Zhao et al., 2009 ).
RESULTS

Scenario of the ESWM for the CMFMC
The ESWM scenario depends on the size of the CMFMC, the variety of technologies and production processes used, the data set on the volumes and characteristics of municipal and individual waste collections. The stakeholders take part in the implementation of the conceptual model of ESWM for the CMFMC. The methodological basis of the ESWM is the methods of the TA, LCA, ISWM assessment, which provide the necessary information for forecasting and management of municipal waste in the conditions of the CMFMC based on models such as Environmental Assessment of Solid Waste Systems and Technologies (EASEWASTE), which has been developed by the Technical University of Denmark. The overall strategy of such assessments is aimed at implementing the concepts of "zero waste" and 4R: reduce, reuse, recycle, recovery (Anschutz et al., 2004; Yoshida et al., 2007) . The obtained information on the structure and fractions of municipal waste depending on the technologies and materials used in the CMFMC allows to rationally distribute technological equipment on the floors of buildings and group production by the same waste fractions, to predict the generation of municipal waste collections, to organize the management of the supply chains of waste and the fulfillment of the basic requirements of the legislation in terms of safe waste management.
The distribution of the municipal waste sources for the CMFMC
Location of technological equipment in the multi-floor manufacturing building is made considering its weight and overall dimensions, as well as the weight and overall dimensions of products and the nature and fractions of the solid municipal waste. Production of large-sized (heavy) products with solid and / or liquid waste is carried out mainly on the lower floors of the building. Waste-free production and production of small-sized products with gaseous waste is located mainly on the upper floors of the building. In manufacturing buildings, cellular and technological form of production process organization is used, in which the technological equipment is placed on the floors in accordance with the family of products or workpieces. At the same time, it is advisable to group the process equipment on the floors of the building into fractions of solid waste. Minimization of solid municipal waste fractions of multi-floor manufacturing buildings reduces costs and time of their shipment and contributes to the system security: human -technical object -environment. Another important aspect of the ESWM is the reduction of the range of municipal waste produced in the multi-floor manufacturing building. The result of this approach is the ability to group buildings into municipal waste fractions and place production facilities with greater waste generation or with a high hazardousness indicator closer to the logistics hub to reduce the time of their shipment to treatment or disposal centers.
Daily municipal waste turnover of the logistic node for the CMFMC
The daily municipal waste turnover of the logistic node for the CMFMC is an important indicator for waste transfer and transport. Based on previous results (Dzhuguryan and Jóźwiak, 2017; , it is possible to determine the daily municipal waste turnover of the logistic node for the CMFMC: ; K E . i -load factor the of freight elevators in the production processes for i-th multi-floor manufacturing building; K O . i -the ratio of operating loss in the i-th multi-floor manufacturing building; K W . i -the ratio of production waste generation in the i-th multi-floor manufacturing building; v i -the rate speed of the freight elevator, m/s; S itotal area of each floor of the i-th multi-floor manufacturing, m2; S E . i -the actual areas occupied by the freight elevator for the i-th multi-floor manufacturing, m 2 ; ε i -the numbers of the freight elevators for the i-th multi-floor manufacturing; q i -average numbers of the manufacturing cells on each floor of the i-th multi-floor manufacturing; k C . i -the coefficient of losses of time cycle of a work of the freight elevators in the i-th multi-floor building; f i -the interfloor distance in the i-th multi-floor building, m; F i -the number of production floor of the i-th manufacturing part of the building; n -number of the multi-floor manufacturing buildings in the cluster; h i -the number of work shifts (one shift -8 h) per day in the i-th multi-floor manufacturing; n i -the numbers of the IRTs in the freight elevator for the i-th multi-floor manufacturing.
The daily municipal waste turnover of the logistic node for the CMFMC depends on the ratios of production waste generation, number of floors of manufacturing buildings, capacity of the freight elevators, internal transport, floor-by-floor differentiation of manufacturing, technological processes and operations, etc. The ratios of operating loss that are associated with the transportation of materials and components necessary for the operation and repair of technological equipment.
Management of supply chains of municipal and individual waste
Collection and transportation of the individual and municipal waste is carried out separately. The individual waste collection is generated by the population and personnel of enterprises and organizations with the use of stationary containers and are delivered by specialized trucks to the points of their treatment or disposal bypassing the logistic node. The municipal waste collection is formed in specialized Intelligent Reconfigurable Trolleys (IRTs) directly in the manufacturing enterprises and various institutions and organizations. The features of the IRT are a modular design that allows them to be quickly re-configured for various freights, and the availability of identification and monitoring device for recording and transmitting data via Wi-Fi about the parameters, dates and routes of delivery in the database of the control software, and the ability to complete from its a multi-IRT for the transportation by truck (Dzhuguryan et al., 2011) . Delivery of the IRTs to enterprises and shipment of municipal waste is made through the logistics node by internal trucks, in which can be transported at the same time the IRTs with other goods, for example, finished goods. Sorting, collection and transportation of municipal waste is carried out in appropriately colored containers, which are installed in the IRTs. It is important to ensure not only the synchronization of transport operations, but also the safety of waste management in the workplace, in the logistics node and during their transportation in trucks. Information support and management of municipal waste is based on the EASEWASTE model. Information about waste considering their hazardousness indicator is recorded on the identification and monitoring device of the IRTs and via Wi-Fi automatically enters the EASEWASTE database. For the waste management by EASEWASTE model is important of the IRTs delivery date to manufacturing enterprise for the collection appropriate waste, the estimated time of their filling, weight of waste, delivery time in the transfer zone (ground floor) of the multi-floor manufacturing building and logistics node of the CMFMC and further to the appropriate centers for the treatment and disposal. This considers the time of municipal waste transfer in the logistics node from small containers of the IRTs in one bigger containers (two containers) in the IRTs with one fraction (two fractions) of municipal waste, which are taken in a center for their treatment and disposal.
DISCUSSION
Scenario ESWM of the CMFMC change considering external and internal conditions. The legislative base, norms of environmental safety are changing, new needs of the population in innovative products appear, new technologies of production and processing of waste are developing, etc. These changes affect the functioning of the CMFMC and are manifested point-by-point at different times in its manufacturing facilities. It is obvious that in these conditions the role of the stakeholders in maintaining the conceptual ESWM model for the CMFMC increases. It is at the stage of maintaining the conceptual ESWM model for CMFMC that it is advisable to use the operational ESEWASTE model, which is based on the LCA methodology. At the same time, it is necessary to consider the previously adopted conceptual decisions related to the placement and grouping of technological equipment and sources of municipal waste in the multi-floor manufacturing buildings, the possibilities of the transport system and logistics node, etc. The municipal waste generation in the CMFMC is pre-calculated based on the method of calculation the actual waste generation and specified in the analysis of the EASEWASTE database. This allows you to determine the needs for the CMFMC in containers, IRTs and specialized and freight trucks. The separate collection of individual and municipal waste collections has its own specifics. The main treatment technologies are recycling and reuse. Some types of individual and municipal waste are incinerated and landfilled. Municipal waste does not have mixed domestic and food waste. In the case of mixed domestic and food waste generation in the manufacturing enterprises, they are collected in the form of individual waste collections. If the waste fractions coincide, it is possible in principle to add individual waste collections to municipal ones. However, municipal waste that are in IRTs are weighed on arrival at the logistics node, and the cost of payment for their removal from the manufacturing enterprise depends on their weight. Due to the large number of transfer operations, the cost of exporting municipal waste collections is higher than the cost of exporting individual waste collections. Therefore, the adding of individual waste collections to municipal waste is not beneficial. On the other hand, adding municipal waste collections to individual waste collections, even if their fractions coincide, is prohibited (except for mixed domestic and food waste). When transporting municipal waste in a truck together with other goods by the multiIRTs, it is important to ensure the safety of waste management. The multi-IRTs package must ensure the safe handling of waste in accordance with environmental and health hazard rating and the appropriate safety instructions (Lithner et al., 2011; Wahlström et al., 2016) . Information support for such a secure configuration of the multi-IRTs can be read from the identification and monitoring device of the IRTs or from the EASEWASTE database. The main provisions of the waste safe handling for the CMFMC include the following activities: organization and control of processes of the technological cycle; processes for the disposal of hazardous waste; oversight of transboundary movements of wastes, places of their disposal; information support of the processes of hazardous waste management.
CONCLUSION
The article presents the concept of the model ESWM for the CM FMC, the analysis of the key components of individual and municipal waste management cluster based on the theory of ISWM, which allows:
1. To articulate the role of the CMFMC stakeholders and methodology of the TA and LCA in the implementation and maintenance of conceptual model ESWM at the stages of formation, development and transformation of the cluster. 2. To rationally distribute and group the sources of municipal waste in the multifloor manufacturing buildings, which reduces the cost and time of shipment of waste to treatment or disposal centers. 3. To evaluate of the municipal waste generation in the CMFMC to identify the need for funds to implement the stages of the waste processing process cycle within the cluster (collection, transfer and transport). 4. To organize the management of supply chains of individual and municipal waste based on the EASEWASTE model and information on the characteristics of municipal waste, the timing of the technological steps, which is recorded on the identification and monitoring device of the IRTs and through Wi-Fi is automatically entered into the EASEWASTE database. 5. To formulate the main provisions of municipal waste management at the initial stages of the technological cycle of their treatment (generation and separation, collection, transfer and transport), because the delivery of waste to the logistics node through IRTs is made in conjunction with finished products and goods.
